ALTHOUGH the value of M mode echocardiography in the detection of mitral stenosis has been well established, 1-3 this technique has proven to be neither sensitive nor specific in estimating actual mitral valve
DIAGNOSTIC METHODS-VALVULAR HEART DISEASE
In 1979, Hatle et al."8 described an alternative noninvasive approach for estimating mitral valve area based on Doppler echocardiographic measurements of blood flow velocity across the orifice. This method employed measurement of the interval required for the Doppler-estimated transmitral gradient to fall to onehalf its maximal diastolic value, termed the pressure half-time. Although available data are limited, a good correlation has been found between the Doppler pressure half-time and catheterization-derived measurements of mitral valve area. '9 However, no data currently exist comparing the Doppler pressure half-time method with two-dimensional echocardiography in the quantification of mitral stenosis, especially in patients who have undergone a previous mitral commissurotomy. Therefore, the purpose of this study was to determine the relative accuracy of these two noninvasive techniques in comparison with measurements obtained from cardiac catheterization in patients with mitral stenosis.
Methods
Patient population. The Reproducibility. Seven randomly selected patients with valve areas ranging from 0.72 to 1.36 cm2 by catheterization were selected from the study population to determine reproducibility of the techniques used. Mitral valve area estimates by both the Doppler pressure half-time and 2DE methods were performed by two separate blinded observers. The mean difference between observers as estimiated by the Doppler method for the group of patients was 0.15 cm2. Similarly, the mean difference between observers for the 2DE technique was 0.14 cm2.
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Unoperated mitral stenosis (figure 3). Within the group of 37 patients with previously unoperated mitral valves, 33 adequate echocardiograms were available. Correlation by linear regression of catheterization and echocardiographically derived valve areas was good at r = .83, SEE = 0.21 cm2.
In 27 patients in the unoperated group continuouswave Doppler estimates of mitral valve area were also obtained. The correlation was comparable to that obtained with 2DE methods at r = .85, SEE = 0.22 cm2.
Postcommissurotomy patients (figure 4). Within the group of 37 patients who had had a previous mitral commissurotomy, 35 Despite the good results that have been previously obtained, many significant pitfalls exist in the application of two-dimensional echocardiography to the quantitation of mitral valve area. The primary limitation of two-dimensional echocardiography in the measurement of the mitral orifice is the adequacy, or lack thereof, of image quality. Thus, a small or absent thoracic window or the presence of impediments to ultrasound transmission may preclude the ability to achieve adequate visualization of the mitral valve orifice. The presence of fibrosis, calcification, and commissural fusion along with chordal and papillary muscle involvement may cause severe distortion of the mitral leaflets ( figure 5 ). The doming of the mitral leaflets typically result in the configuration of a curtain between left atrium and left ventricle during diastole. The mitral orifice is therefore presented as a target of limited size with the smallest diameter being localized to only a small area in the parasternal short-axis view. Henry et al. 2 have pointed out the possibility of creating a "false orifice" if careful attention is not paid to the transducer angulation with respect to the doming anterior mitral leaflet. Several authors have also noted that 2DE scanning with high-gain settings may result in underestimation of the true orifice area due to the "blooming" effect from the thickened leaflets. 10-13 Conversely, Martin et al. 23 have pointed out that lowgain settings may lead to image dropout and result in falsely large estimates of orifice size.23 Therefore, although two-dimensional echocardiography has been shown to yield reliable data concerning the severity of mitral stenosis, it is technically demanding, requires experience and expertise, and may not be feasible in some patients.
The Doppler pressure half-time method used in this study is derived from a technique first used by Libanoff and Rodbard24 to calculate mitral valve area from FIGURE 5 . Two-dimensional short-axis view of the mitral valve in a patient 9 years after a mitral commissurotomy. The echocardiogram shows the presence of significant distortion of the orifice from extensive fibrosis and calcification, and demonstrates the difficulties encountered with the use of the 2DE planimetry method for estimating mitral valve area in patients who have previously undergone surgery.
cardiac catheterization data. Both the pressure halftime and the Gorlin equations are based on Torricelli's law governing steady flow through an orifice.
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where AP = pressure gradient; E -mass density of fluid; and Vmax maximum fluid velocity.25 The method proposed by Libanoff and Rodbard involved calculation of the time required for the diastolic pressure gradient between left atrium and left ventricle to fall to one-half its maximal value. This approach has the advantage over the Gorlin equation of being relatively independent of heart rate and cardiac output. Theoretically, the Doppler estimate obtained by a similar technique should be more analogous to catheter-derived measurements than those obtained by two-dimensional echocardiography, since the pressure half-time and catheterization measurements both use physiologic parameters of flow through a restricted orifice, while two-dimensional echocardiography provides an anatomic estimate of orifice size at a single point during diastole. A potential advantage of the Doppler pressure half-time technique over two-dimensional echocardiography is apparent in patients with atrial fibrillation. Maximal early diastolic opening may be difficult to discern by two-dimensional echocardiography in patients who have very irregular rhythms,23 while Doppler spectral signals show minimal variation in the rate of decline from peak velocity, despite irregular rhythms. ' The Doppler pressure half-time measurement is not without its clinical limitations. The constant of 220 used to calculate mitral valve area has been derived empirically in a group of patients with mitral stenosis, and may not be directly applicable to individual subjects. Previous studies have examined the ability of twodimensional echocardiography to measure mitral valve area in postcommissurotomy patients only in the early postoperative period. This work has indicated that two-dimensional echocardiography compared favorably with cardiac catheterization in quantitating mitral orifice size in the period shortly after surgery. 1-17 However, the process of severe calcification and fibrosis has been shown to continue to occur and to distort valve architecture in nearly 40% of patients for another 10 to 15 years.26 27 This investigation presents the first systematic evaluation of the ability of two-dimensional echocardiography to assess mitral valve area in the late postoperative period after commissurotomy. In our study we were able to assess the valve area by twodimensional echocardiography in 35 of 37 patients who had been followed for a mean interval of 11.2 years before they required repeat catheterization for recurrent symptoms. We observed that the estimation of mitral valve area by planimetry of two-dimensional echocardiograms is more difficult in such patients due to extensive distortion and thickening of the leaflets. Thus, a two-dimensional echocardiogram does not appear to be as accurate in the estimation of the mitral valve area after commissurotomy as it is in unoperated patients.
In comparison to two-dimensional echocardiography, Doppler techniques proved to be substantially more accurate in estimating mitral valve area in postcommissurotomy patients. Thus, the correlation coefficient for the Doppler method (r = .90) was superior to that for two-dimensional echocardiography (r = .58). In addition, Doppler data could be obtained in five patients in whom two-dimensional echocardiograms were technically inadequate. Based on these observations. Doppler echocardiography would seem to be the noninvasive modality of choice for the assessment of mitral valve area in patients with mitral stenosis who have previously undergone commissurotomy.
Limitations of the study. 
